A three step enantio-enriched protocol to the iridolactone core of brasoside is reported. Stereo-control reduction of [(1S,2R,3S)-3-methyl-2(nitromethyl)-5-oxocyclopentyl]acetic acid 3 afforded (3aR,4S,5R,6aS)-5-methyl-4-(nitromethyl)-hexahydrocyclopenta[b]furan-2-one 4. A further formylation strategy on the AB-ring system 4 afforded the enol ester 5, followed by Nef reaction of the nitoo functionality and acid quenching to the desired tricyclic lactone 11. Chiral -keto-acid 3 was used, since this precursor contains three functional groups: ketone, carboxylic acid, nitromethyl; it is also available in bulk as a pure enantiomer at low price.
INTRODUCTION
Brasoside was first isolated from Verbena littoralis H. B. K. (Verbenaceae), a plant which has been widely used as a traditional folk medicine for the treatment of diarrheoa, typhoid and tonsillitis in South America. More recently, the crude extract of V. littoralis was shown to potentiate NGF-induced neurite outgrowth from PC12D cells (Umana & Castro, 1990) . Ishibashi et al., (2001) were the first to report the successful isolation and structural elucidation of brasoside 1 as one of four iridoid or iridoid glycoside compounds isolated from Verbena littoralis. In the nine years since the isolation of brasoside, very few approaches to the synthesis of the natural product have been reported (Ford et al., 2004; Mangion & Macmillan, 2005) . 
FIG. 1. BRASOSIDE
As part of a programme aimed at the rapid and efficient synthesis of complex iridoids natural products, herein it is reported, an efficient synthetic approach to the tricyclic core 4 in Brasoside 1 via stereoselective reduction of [(1S,2R,3S)-3-methyl-2(nitromethyl)-5-oxocyclopentyl]acetic acid 3 (Scheme 1). 
MATERIALS AND METHODS
Reagents were obtained from Aldrich and Lancaster chemical suppliers. Dichloromethane was refluxed over and distilled from CaH2 prior to use. Diethyl ether was obtained dry from Aldrich. THF was dried by distillation from the sodium benzophenone ketyl radical under nitrogen. Light petroleum is the fraction of petroleum ether that boils in the range 30-40 o C, was fractionally distilled through a 36 cm Vigreux column before use (Amarego & Perrin, 1998 2 mmol, 1.30 equiv). The reaction mixture was stirred under nitrogen for 1 hour, followed by the addition of 2M NaOH (7 mL) and H2O2 (15 mL) successively via syringe. The reaction was warmed to room temperature, extracted with ether (4 x 15 mL). The combined organic layers were washed twice with saturated NH4Cl (2 x 10 mL), dried over MgSO4 and concentrated in vacuo to give a green oil, which was dissolved in ice water (20 mL) and further acidified to pH 2 with 2N HCl to give a pale green oil. Flash chromatography on silica eluting with hexane : ether (1:1) 2-(1R,2S,3R,5R)-5-hydroxy-3-methyl-2-(nitromethyl)cyclopentyl)acetic acid 6 Method B: To a stirred solution of [(1S,2R,3S)-3-methyl-2(nitromethyl)-5-oxocyclopentyl]acetic acid 3 (2.00 g, 9.95 mmol, 1.00 equiv) in THF (30 mL) at -78 o C was added L-Selectride ® (2.29 g, 12.08 mmol, 1.30 equiv). The reaction mixture was stirred under nitrogen for 1 hour, followed by the addition of 2M NaOH (6 mL) and H2O2 (10 mL) via syringe. The reaction was warmed up to room temperature and the organic layer was extracted with ether (4 x 15 mL). The combined organic layers were washed twice with saturated NH4Cl (2 x 7 mL), dried over MgSO4 and concentrated in vacuo to give a dark green oil. Flash chromatography on silica eluting with hexane : ether (1:1)
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(3a,R,4S,5R,6aS)-4-(aminomethyl)-5-methylhexahydrocyclopenta[b]furan-2-one 5
Method C: To a stirred solution of [(1S,2R,3S)-3-methyl-2(nitromethyl)-5-oxocyclopentyl]acetic acid 3 (2.00 g, 9.95 mmol, 1.00 equiv) in ethanol (30 mL) in an Erlenmeyer flask was added NaBH4 at room temperature (489 mg, 12.94 mmol, 1.30 equiv) in small portions over a period of 15 minutes. The reaction resultant mixture was stirred for further 30 minutes and then poured into ice water (10 mL), followed by the addition of dilute hydrochloric acid (5%) until the pH 2 was reached, by which time, TLC analysis showed a new product has been formed. The aqueous layer was extracted with ether (4 x 10 mL), the extract dried over MgSO4 and concentrated in vacuo. Column chromatography on silica, eluting with hexane : ether (5:1)
(3aS,4S,5R,6aS,Z)-3-(hydroxmethylene)-5-methyl-4-(nitromethyl)-hexahydrocyclopenta[b]furan-2-one 10
To a stirred suspension of sodium hydride 55-60% dispersion in mineral oil washed in hexane (152 mg, 4.0 mmol, 4.00 equiv) in dry ether (10 mL) under argon, at 0 o C, was added (3aR,4S,5R,6aS)-5-methyl-4-(nitromethyl)-hexahydrocyclopenta[b]furan-2-one 4 (200 mg, 1.0 mmol, 1.00 equiv) via syringe. The reaction was allowed to stir for further 5 minutes, followed by the addition of ethyl formate (296 mg, 4.0 mmol, 4.00 equiv). The reaction mixture was stirred at room temperature for another 20 hours by which time the starting materials had been fully consumed. The reaction was quenched with 5% HCl (2 mL) and extracted with ethyl acetate (4 x 15 mL). The combined organic layers were washed with saturated NaHCO3 (4 x 10 mL), dried over MgSO4 and concentrated in vacuo to give a yellowish oil. Column chromatography eluting with hexane : ethyl acetate (3:1)
Iridolactone 11
To a stirred solution of (3aS,4S,5R,6aS,Z)-3-(hydroxmethylene)-5-methyl-4-(nitromethyl)-hexahydrocyclopenta[b]furan-2-one 10 (200 mg, 0.88 mmol, 1 equiv) in H20 (3 mL) was added a solution of NaOH ( 352 mg, 88.0 mmol, 10 equiv) in H20 (5 mL) and then added dropwise an ice cold solution of concentrated H2SO4 (2 mL) in (7 mL) of H20. Stirring was continued for 1 hour at 0 o C and acetic anhydride1 mL was added, and the solution was allow to stir for 12 hours, by which time TLC analysis showed a new product been formed, H2O (5 mL) was added to the mixture and the organic layer was extracted with ethyl acetate (4 x 15 mL). The combined organic layers were dried over MgSO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel using hexane : ethyl acetate 
FIG. 2. H NMR OF 4
Synthesis of An Enantio-Enriched Iridolactone
2-(1R,2S,3R,5R)-5-hydroxy-3-methyl-2-(nitromethyl)cyclopentyl)acetic acid 6
Method B: Two compounds in an average ratio of (9.6:0.4) were isolated from the flash chromatography; 4 as a pale green oil (1.9 g, 94% 
FIG. 3. H NMR OF 5 (3aS,4S,5R,6aS,Z)-3-(hydroxmethylene)-5-methyl-4-(nitromethyl)-hexahydrocyclopenta[b]furan-2-one 10
Compound 10 was isolated as a colourless oil (127 mg, 69%); νmax (thin film) 3412, 2977 , 1742 , 1642 , 1551 , 1318 , 1139 δH (250 MHz, CDCl3) Synthesis of An Enantio-Enriched Iridolactone
FIG. 4. H NMR OF 10
Iridolactone 11
The title compound was isolated as a colourless oil (119 mg, 57%); υmax (thin film/cm -1 ), 2956 , 2933 , 2855 , 1756 , 1663 , 1239 , 1216 , 1171 , 1013 δH (400 MHz, CDCl3) 4, 168.3, 147.3, 102.9, 87.8, 80.4, 45.1, 42.0, 37.9, 31.2, 20 .1, 17.0; m /z (C.I) 195 (MH + , 100%), C12H14O5, requires 239.0920, found, 239.0917
DISCUSSION
Reduction of the ketone in 3 with several different reagents was studied using methodology reported by Chaudhuri et al., (1994) . It was envisaged that complimentary conditions leading to synselectivity could be achieved as a route to the substituted AB-ring 4. With each reagent it was decided to study the effect of temperature and metal counterion on the reduction stereoselectivity. In this report the results of the reduction with sodium borohydride stand in contrast to the work by Bornmann et al., (1979) who reported that reduction of keto-esters with sodium borohydride was weakly selective for the syn-alcohol (59:41; 0 o C, 76%). However, the result with sodium borohydride (Scheme 2) showed consistency with earlier that established greater selectivity for the anti-alcohol, (syn:anti ratio 35:36; 0 o C) (Bornmann et al., 1979; Lalande & Larcheveque,1985; Chaudhuri et al., 1994) . 
SCHEME 2. SODIUM BOROHYDRIDE CATALYSED REDUCTION OF KETONE 3
Reduction of the ketone 3 with sodium borohydride in methanol at 0 o C furnished syn-4 and anti-6 as colourless oils with a syn:anti ratio (20:65; 0 o C). The result was also found to be invariant with respect to temperature change. However, when the reaction was repeated at room temperature for 1 hour, TLC analysis showed the appearance of a new product. The solvent was removed under reduced pressure and the residue was subjected to gradient column chromatography to permit the isolation of 5 in addition to 4 and 6 with a ratio of (13:27:60; rt)
Synthesis of An Enantio-Enriched Iridolactone respectively. In each case, their masses, IR and 1 H NMR spectra fully supported the proposed structures 4, 5 and 6. (Scheme 2). Stereochemical assignment of (3aR,4S,5R,6aS)-5-methyl-4-(nitromethyl)-hexahydrocyclopenta[b]furan-2-one 4 was done using nOe (Fig 2) . An enhancement of the C-6 methine was seen when H-4 was irradiated signifying the two protons on C-4 and C-6 are on the same face of the molecule. In the same vein, an enhancement of the H-7 methine proton was also observed when H-4 methine proton was irradiated 
FIG 5. RESULT FOR THE NOE EXPERIMENT OF PRECUSOR 4
In an attempt to achieve syn-alcohol selectivity, sterically bulky reagents were considered as suitable reagents. It was decided to examine the reduction using commercially available reagents (L and K-Selectrides). It was anticipated that reduction with these reagents, which are very bulky and have low coordinating ability, could follow the model of Felkin and Anh (Anh et al., 1973) . Since the reduction proceeds by initial complexing of the metal boron with the carbonyl oxygen, the favoured transition state conformer becomes either 8 or 9. Attack of the nucleophile is easier via the dotted arrow shown in 8 (Scheme 3) 
SCHEME 3. MECHANISM FOR STEREOCONROL REDUCTION WITH SELECTRIDES
In accord with plan, the Selectride reagents produced syn-alcohol selectivity under all conditions studied. The steroselectivity with the two reagents increases with decreasing temperature to produce the diastereoisomers 4 and 6. It was also noted that this trend expressed the increasing importance of the Felkin and Anh model conformer 8. The highest selectivity was achieved with K-Selectride ® at -78 o C (100% syn-selectivity) and L-Selectride ® (96:4 synselectivity) (Table 1) . 
Strategies for Assembling Iridolactone Core
In an initial investigation, formylation of the nitro-ester was achieved by treatment of 4 with 4 equivalents of sodium hydride to generate the carbanion. Subsequent addition of ethyl formate in ether furnished the enol ester 10. The 1 H NMR spectrum of this product showed a distinct one proton resonance due to enol centred at δ 7.03 ppm. The possibility that 10 could be employed in a Nef reaction was considered on the basis of a report by Kosta & Poupart (1985) that nitro groups can be converted to aldehydes with aq. KMnO4. It was decided to modify this procedure to test the possibility of immediate protection of the cyclised alcohol formed as its acetate. This was fortunate, as it had been hoped; nito-ester 10 was added to a stirred solution of sodium hydroxide followed by dropwise addition to an ice cold water mixture of sulphuric acid and stirring continued for 1 hour. Acetic anhydride was added to the mixture and stirring continued for further 12 hours to permit the isolation of 11 in good yield (Scheme 4).
